Introduction
The information obtained from a treatment planning system consists of various treatment parameters, dose values and dose distributions related to the selected treatment plan(s). These data are used for a number of functions:
(1) simulation of the actual treatment set-up using a simulator (see Section 8.1); (2) transfer of treatment parameters (manually or automatically) to the treatment unit(s) (Section 8.2) for check-and-confirm or even for automatic set-up (Sections 8.3 and 8.4); (3) comparison with data obtained from in vivo dosimetry (Section 9.6); (4) correlation between dose distribution and tissue reactions during treatment; (5) follow-up of the individual patient and scientific evaluation of results of treatment; (6) for legal purposes, if needed.
To satisfy all these purposes, sufficient information must be kept in the patient's record file or together with the treatment record form but can also be stored in a computerized data base (Section 8.5).
Usually, information is presented as graphic displays of isodose distributions, together with one or more parameter sheets with alphanumeric information describing the different beams, the technique, etc. (Figure 7 .1). Although the presentation of isodose patterns on a visual display unit may be sufficient during the interactive planning phase, the chosen distribution must ultimately be produced in hard-copy, with unambiguous identification (see Section 6.6.2). All relevant input data must also appear on the permanent record. Basic information that is needed is discussed in ICRU Report 29 (ICRU, 1978) , but with computer calculations the amount of data obtainable is vastly greater, which raises the problem of selecting the relevant information. The parameters that need to be considered are listed below. For operational purposes, they are divided into necessary and optional.
It is also desirable that the same information be displayed and the same method(s) of presentation be used by different systems and by different centers in order to facilitate intercomparisons. With this in mind, the following recommendations are made, which, for the time being, have to be considered as minimal. (f) Sequence number of treatment plan related to departmental activities (e.g., for filing and retrieval purposes). Note: If data on the same patient is presented on different output media (see Section 6.6.2), an unambiguous identification of each document is mandatory.
Description of Technique

Necessary information:
(a) Radiation qualities and treatment units (e.g., cobalt-60, linac photons 8 MV, linac electrons 6 MeV). (b) SAD-or SSD-technique and relevant distance. (c) Field size. When the SAD-technique is used, the field size is the cross-section at the isocenter; when the SSD-technique is used, it is usually the cross-section at the intersection of the central axis with the skin. When field borders are parallel to the plane of calculation, the field size in the section should be given first. (h) Correction for tissue inhomogeneity (made or not).
Necessary information when applicable:
(i) Wedges, compensators, shielding blocks, etc.
(identification and orientation). (j) Additional machine settings (collimator rotation, start and stop angles for moving beam, etc.). Note: If two out of the three sets of parameters e, f, g are known, the third can easily be derived (Moller et al., 1976; Siddon, 1981; Lamm and Dahlin, 1984b) , but it is recommended that all three be given.
Single Values of Absorbed Dose Necessary information:
(a) Target absorbed dose as defined in ICRU Report 29 (ICRU, 1978) . et aI., 1973; HPA, 1974; Moller et ai., 1976; lEe, 1981.) (d) Maximum absorbed dose in identified organs at risk.
Optional information:
(e) Mean target absorbed dose. Note: If more than one target volume is indicated, these values should be calculated for each target. Care has to be taken that the location of the hottest spot is displayed on the isodose plan. It should be clearly stated if these values are valid for the section (twodimensional plan) or volume (three-dimensional plan).
Distribution of Absorbed Dose
Necessary information:
(a) Type of normalization of isodoses (see Section 5.4.1.4).
Optional information:
(b) (c) Irradiated area/volume. Note: Calculation of irradiated area or volume necessitates a selection of an appropriate isodose curve/surface.
Total Energy Imparted
Optional information:
Energy imparted for (a) Target area/volume. 
Isodose Pattern-General Remarks
A sufficient number of isodose lines should be displayed and the levels should run up to the maximum value. Close to the surface it may be advantageous to suppress certain lines (for many programs these curves do not represent the actual build-up) and no line should be displayed outside the body contour.
A straightforward relationship must exist between the displayed isodose values and target absorbed dose. It is, therefore, recommended that the isodose through the specification point be given the value of 100%. If another scheme of normalization is used, it should be clearly defined [see Section 5.4.1.4, and also Figure 3 .4 of ICRU Report 29 (ICRU, 1978) l· To minimize errors in the transfer of distances from the dose plan to the patient (during setting-up), the final presentation should be life-size but, failing this, the scale should be clearly indicated. To promote readability, the value of each isodose curve should be unambiguously indicated and, if possible, be located on the higher absorbed dose side of the curve.
The orientation of the dose plan and the coordinate system should be clearly indicated. 7.3.3 Type of Presentation-Two Dimensional 7.3.3.1 Isodose Line Presentation. The use of an incremental or an electrostatic plotter allows the presentation to resemble a manually drawn dose plan (Figure 7.4) . The presentation can be black, with different types of lines (dotted, dashed, etc.) indicating different types of information in the plan. The lines can also be distinguished by the use of different colors, which enhances readability of the original but has the disadvantage of less readability when copied by black and white copying devices. 7.3.3.2 Printer Output. Presentation of an isodose plan by a character printer can be either as a matrix with dense or sparse spacing of grid points or the printing of isodose values in such a way that isodose curves or dose interval bands are shown ( Figure  7 .5).
Grey-Scale
Presentations. Grey-scale output may be obtained by an ordinary printer or by an electrostatic plotter; in the latter case, the matrix may be dense and the grey-scale more continuous. The dose distribution may be presented as one cycle from white to black or by repeated cycles.
Grey-scale images have become one of the main forms of presentation of anatomical data derived from 7.3 Graphic Information • •• 39 CT scans on which isodose lines may be superimposed. An example of such an image, displayed on the Video Display Unit (VDU) is seen in Figure 7 .6a, and a hardcopy of the same plan obtained by an electrostatic plotter, in Figure 7 .6b. 7.3.3.4 Color-Scale Presentation. Multicolored dose plans can be generated by using color printers. Different types of color scales may be used; e.g., the rainbow scale, ranging from black-dark blue to red, indicating the maximum absorbed dose, or the socalled heated-object scale, ranging from black-dull red to bright yellow-white. It is recommended that when using a color scale, at least ten colors be used. For example, a different color for every 10% isodose level in a plan where the specified target absorbed dose equals 100% should be sufficient. This spacing is also consistent with common practice using black imd white display.
A color-scale presentation of the dose distribution may be advantageously combined with the topographic information derived from a CT image, the brightness of each pixel is adjusted according to its CT density and the color is chosen according to the dose scale.
This gives an impression oftransparency; the anatomical structure being seen through the dose distribution (Figure 7 .7; see also Figures 7.11a and 7.11b) .
A continuous grey-scale or color-scale presentation should not be used alone since it has the disadvantage of being difficult to interpret quantitatively. 7.3.3.5 Isometric Display. This type of presentation, in which the absorbed dose is indicated by height, is of value for qualitative demonstration of the relative dose distribution between target and non-target area, and for warning of hot-spots (Figure 7 .8).
Type of Presentation-Three-Dimensional
A number of techniques have been developed which are aimed at presenting the three-dimensional relationships between isodose surfaces and anatomical structures. Although these displays have a certain educational value, at the present time they can only provide semi-quantitative information and, therefore, cannot be used alone for the evaluation of a treatment plan.
7.3.4.1 Multiplane Display. The three-dimensional concept is usually obtained by means of a sufficient number of parallel sections through the part of the body to be irradiated. Special techniques have been developed for the viewing of a number of such sections simultaneously in perspective view (Figure  7.12b ) and many such sections in rapid succession, movie mode [e.g., by film technique (Sterling et al., 1973) or on a CRT display (Goitein and Abrams, 1983a)l. Instead of stacked parallel slices, orthogonal planes may be used. Planning section through thoracic vertebra ThIV in a case of mammary carcinoma. Two target volumes (in the 2D plane = target areas) are indicated: firstly, the primary tumor ~ __ ) and secondly. the breast parenchyma (--_) . The lesion is treated with two opposing beams with beam directions 310 and 130 degrees. respectively (given in the coordinate system of the patient). Treatment parameters are given on a separate sheet (Figure 7.1) . The corresponding isometric display is shown in Figure 7 (From Bergen et al., 1972.) Fig. 7 .10. Three-dimensional presentation of external beam therapy of a brain tumor. The configuration of the brain is obtained from CT scans and the different isodose surfaces from a series of cross-sections. (From Fujii et al., 1980.) 7.3.4.2 Display of Surfaces. The interpretation of a display of isodose surfaces is difficult because it is usually possible to view only one isodose surface at a time. When several isodose surfaces, together with anatomic information are presented simultaneously, the interpretation of the display tends to be extremely difficult. Examples of such systems are given by Bergen et al. (1972) , where a simple stack of contours from a series of parallel sections are used to build a wireframe display of the corresponding surfaces, including hidden surface removal (Figure 7.9) , and by Fujii et al. (1980) , where a stack of contours is used to present isodose surfaces as well (Figure 7.10) . This type of presentation only requires line-drawing capabilities of the display. By the use of solid modelling techniques, together with shading, illumination from virtual light sources, etc., the interpretation is greatly facilitated being more matched to human perceptual experience (Figures 7.11 and 7.12) . Solid anatomical structures may be combined with semi-transparent isodose surfaces.
Dose level
7.3.4.3 Digital Dissection. The outer surface of the body is displayed using solid modelling techniques. An interactively defined part of the volume is then cut away leaving a view of the part of the interior. The dose distribution is displayed on the dissection planes using a color-scale presentation superimposed on the CT-grayscale (Figure 7.11) . This would be the simulation of a port film if it were exposed by the source of radiation. (From Goitein and Abrams, 1983b.) 7.3.4.4 Stereometric Presentation. Stereoscopic viewing of structures in the body using x-ray images was introduced soon after the discovery of x rays. Techniques enabling spatial measurements from such stereoscopic x-ray images have been used for radiotherapy location problems (Rosenow, 1969a) . Stereoscopic graphs of isodose surfaces have been described which give a three-dimensional impression of the dose distribution (Busch, 1973 (Busch, , 1975 . Although relatively simple in principle, this technique has not been used in any routine way. Even more realistic displays might, in principle, be obtained by means of holography, but this has not yet been explored for purposes of radiotherapy.
Beams Eye-View and Projection
Through the CT Data. With this interactive computer-graphics technique, the observer's eye is placed at the source of radiation and topography (stacks of contours, wire frames, etc.) is displayed in perspective [Reinstein et al., 1983 (Figure 7.12c) ]. This enables the selection of favorable beam direction for, e.g., maximum separation of target and organs at risk. Furthermore, for the chosen treatment plan, a projected image calculated from anatomical CT scan data can simulate a port film, which can be used for checking the set-up at the simulator or treatment machine [Goitein and Abrams, 1983b (Figure 7.13) ].
